This paper presents a novel methodological framework by which the effects of globalization on international collaboration can be studied and understood. Using the cosine similarity of the disciplinary and partner profiles of countries by collaboration types it is possible to analyse the effects of globalization and the costs and benefits of an increasing global networked research system.
Introduction
The growth of scientific collaboration and co-authorship in the last century has drawn the attention of bibliometricians and sociologists of science for quite some time now. In the words of Cole (1973) , "it is generally recognized today that science in fact develops within a community of interacting scientists" (p. 1). The seminal works by Beaver & Rosen (1978) and Crane (1972) have led to a profusion of studies analysing collaboration in many ways, including motivations for collaboration (Katz & Martin, 1997) , collaboration strategies (Bozeman & Corley, 2004) , collaboration structure (Newman, 2001) or benefits derived from international collaboration in terms of scientific impact (Bote, Olmeda-Gómez, & MoyaAnegón, 2013) , among others.
The increase of international collaboration experienced in the last decades has been described as an effect of the globalization of the research system, leading to an increase of international exchange and flows of mobile scholars (Czaika & Orazbayev, 2018) , and facilitating collaboration between distant countries (Waltman, Tijssen, & Eck, 2011) . It has been argued that such changes could decrease national disparities by 'flattening' the world and reducing zones of inclusion and exclusion in a global scientific collaboration network (Saxenian, 2005; Woolley, Robinson-Garcia, & Costas, 2017) . But empirical studies suggest that international collaboration networks are organized hierarchically (Wagner, Whetsell, & Leydesdorff, 2017) , showing an inverse relation between the growth of the share of collaborative papers and the geographical spread of these networks (Wagner, 2005) . These findings along with the fact that networked or multilateral collaboration is increasing overtime (see table 1) raise many questions with regard to how countries are adapting to this new landscape, their integration into these global networks and the potential 'costs' or 'benefits' this integration may bring together.
A fundamental element of understanding of the dynamics of integration in global scientific networks is based on the work of the German sociologist Georg Simmel (1950: 135) , who famously recognised the effect of introducing a third actor into a social context: "there is, in addition to the direct relation between A and B, for instance, their indirect one, which is derived from their common relation to C". Simmel took this expansion from the dyad to the triad as the basis for a crucial piece of understanding, that indirect relationships are essential to the formation and cohesion of the groups and sub-groups that characterize the social world. Social network analysis has since built on this foundational distinction to investigate social structures (Burt 1992) and study how the roles and positioning of actors in social networks effects the distribution of power (Brass and Burkhardt 1992) and the diffusion of information (Granovetter 1973) .
We take up this distinction between dyads and triads as the basis for our understanding of two modes of international collaboration in science: partnerships and networks. International research partnerships and networks are both constructed from the same fundamental element, what network theorists call "mutual dyads" in which the relationship between two actors is based on mutual recognition and reciprocity (Wasserman and Faust 1994: 511) . We only focus on mutual dyads (and not on 'directional' dyads) because we tend to assume that collaboration relationships in science are based on direct interpersonal relationships characterized by varying degrees of both trust and conflict (Shrum et al. 2001 ). However, whereas we understand international research partnerships to be based on a single mutual dyad, we understand international research networks as being based on a combination of two or more mutual dyads. This network mode can be illustrated most simply in a triadic form (Figure 0 ). A triadic collaboration network can be made up of four potential sets of mutual dyads (Fig 1) . In three of the four possible triadic networks the relationship between two of the nodes only only indirect, that is, mediated via the third node. International research collaborations can thus be characterised theoretically as containing "structural holes" (Burt 1992) , where the triangular relationship is not closed on all sides by a mutual dyad. We apply this logic to international scientific collaboration to assume that 1) whilst all collaboration relationships are based on mutual reciprocity and exchange based on trust relations; 2) it is not necessarily the case that all collaborators must have a direct relationship with all other collaborators. While network theorists argue that "transitive" networks, in which the triad is 'closed' and all elements are connected are more stable and likely to be more durable (Burt 1992; Wasserman and Faust 1994) , we simply do not know whether this is the case in relation to scientific collaborations or not. Rather, a very significant limitation of network analyses based on bibliometric data is that the qualities of networks remain obscured.
The distinction between bilateral international research collaboration (BIRC) and multilateral international research collaboration (MIRC) is thus important because discussions of global co-authorship networks implicitly assume equality of connectedness within the network, assuming that a homogeneous set of mutual dyadic relations exist between each co-author of a scientific paper. In other words, a default assumption of homogeneity in sets of bibliometric relationships slides into an assumption of equality in sets of sociological relationships. While this is not intended as a criticism of what bibliometric-based network analyses can do, it is intended as a reminder of the limitations of bibliometric network analyses in relation to assuming 'connectedness' as a homogeneous form of social organisation of knowledge production -and then characterising so-called 'global networks' on this basis. Although we are not able to understand whether the multilateral networks in our data are transitive (closed) or not, this theoretical approach will nevertheless have significant implications for how we interpret our results. In this study, we propose a new methodological framework by which the dynamics of globalization through international scientific collaboration can be studied and start to be better understood. For this, we suggest comparing countries' disciplinary profiles and choice of collaboration partner (i.e. the collaboration partner profile) by publication type. We distinguish the following publication types: 1) domestic publication (publications authored by one or more scholars affiliated to a single country), 2) bilateral international collaboration (publications co-authored by scholars affiliated to two different countries) and 3) participating in a collaboration network (publications co-authored by scholars affiliated to three or more countries). We base our empirical work on the model proposed by who previously distinguished between no collaboration, BIRC and MIRC. We hypothesize that countries' international profile will differ from their domestic profile, with this difference being greater for their MIRC profile. In other words, as countries become drawn into multilateral international networks they move away from the focus (topics) that characterise domestic knowledge production. We suggest that this methodology has the potential to better inform studies focused on specific countries or regions to better understand not only how integrated they are in global networks, but also the potential effects or factors which can explain their specific situations.
Data and methods

Data collection
We collected all publications for all countries for the 2008-2017 period. This data was gathered from the CWTS-enhanced version of the Web of Science. Country information was extracted from each publication, normalized and linked to the World Bank regions classification. For each publication we counted the number of different countries to which authors were affiliated and created a new collaboration type field in which we distinguished between BIRC, MIRC and domestic publications. Disciplinary profiles of countries are created based on the distribution of their publications among the Web of Science subject categories classification. We produced four disciplinary profiles for each country: 1) based on their domestic output, 2) based on their international output (co-authored with at least another country), 3) based on their BIRC output (co-authored just with one other country) and 4) based on their MIRC output (co-authored with at least two other countries). This distinction is based on the model used by ), although we acknowledge that this approach could be extended by including further divisions. For instance, Adams & Gurney (2018) suggest that publications authored by 20 or more countries should be treated differently due to their special nature.
Methodological approach
Here we propose measuring similarity of a countries' domestic disciplinary profile with their BIRC and MIRC disciplinary profiles by using the cosine similarity (Salton & McGill, 1986 ). Cosine similarity is usually employed in bibliometric studies when analyzing co-occurrence data such as co-citation networks or co-citation networks (e.g., Aman, 2018; Wagner, 2005; Yan & Ding, 2012) . Figure 1 presents a schematic representation of our approach, depicting the profile distribution of subjects ( ) or partners ( ), for domestic publications ( ) and international publications ( ), and how the cosine analysis is applied for the disciplinary profile on the one hand, and the choice of partner on the other hand. Let be the disciplinary profile of country when publishing domestically where = { 1 , 2 , … , } being the number of publications in subject . Let be the disciplinary profile of country when publishing with international collaboration. The similarity between two disciplinary profiles is defined as:
Where a value of 0 indicates no similarity between profiles and 1 indicates that both profiles are identical. This same procedure can then be applied to all combinations of publication types to find (dis)similarities between disciplinary profiles. Furthermore, it can also be calculated to identify (dis)similarities on countries' partner of choice distribution. To this end, we compute five similarity indicators for each country as shown in Figure 1 . While four of them relate to disciplinary similarity, one relates to similarity on collaboration partner. The rationale of this is that one would expect that a high disciplinary (dis)similarity between BIRC and MIRC profiles, would lead to a high (dis)similarity in the distribution of publications by collaboration partners between BIRC and MIRC profiles.
Results
In this section we show some results of a global analysis of international collaboration. Figure  2 shows the proportion of BIRC for each region in the world. In general, the majority of regions' output in international collaboration is bilateral with the exception of Sub-Saharan Africa (on median, 46% of their output is bilateral). On the other extreme we find North America (69%) or South Asia (64%). Overall we find an important dispersion among countries within all regions, with no significant differences between regions (with the exception of Sub-Saharan Africa and North America. Figure 3 illustrates how cosine similarities between the different profiles of a country disaggregated by publication type, can be used to better understand disciplinary differences between countries. The figure highlights similarities and differences between international collaboration and domestic knowledge production ( Figure 3A) , between collaborating bilaterally and collaborating multilaterally ( Figure 3B) , and between choice of partner countries when collaborating bilaterally and collaborating multilaterally ( Figure 3C ). In these figures, countries in blue are those which exhibit a similarity of profiles above the world average, while those in orange exhibit a similarity below world average. Overall, we observe that differences are more acute between the disciplinary profiles of countries when collaborating internationally versus not collaborating than they are between BIRC and MIRC. Furthermore, we observe that, with the exception of the United States on choice of partner ( Figure 3C ), countries with a similarity below average tend to belong to Eastern Europe, Africa and, to some extent, Asia. When looking into which type of international collaboration deviates more from the disciplinary profile of countries' domestic publications (Figure 4 ), we observe that MIRC does appear to be more dissimilar than BIRC profiles. But we can also see that these differences vary greatly between countries and regions. For instance, we observe large differences for Latin America & Caribbean, and specifically for Chile and Colombia. Also Eastern European and Central Asian countries seem to show a larger difference than Western and Central European countries. Indeed, we observe that while the similarity of European and Central Asian countries between their BIRC and national disciplinary profiles is high, it is also relatively homogeneous between countries, while there are larger disparities when comparing the similarity of their MIRC and national disciplinary profiles. Figure 5 and 6 illustrate further ways by which these indicators could be employed to better interpret specific situations. Figure 5 shows in the y-axis the similarity of the disciplinary profile of countries from East Asia & Pacific when collaborating internationally versus when not doing so (domestic profile). The x-axis shows the proportion of publications internationally co-authored they produce. We observe that the least productive countries are not only the ones which show a higher dependency on international collaboration, but many of these smaller countries exhibit greater disciplinary differences when collaborating internationally from the domestic profile. In Figure 6 we look into both Europe & Central Asia and Sub-Saharan Africa and compare similarities between countries' BIRC and MIRC disciplinary profiles with their BIRC and MIRC choice of partner. Countries that exhibit lower disciplinary similarities also exhibit lower similarities on choice of partners in Europe and Central, however this is not always the case for Sub-Saharan African countries. Western European countries show a higher similarity for both indicators, while interestingly South Africa shows a high partner similarity but a lower level of disciplinary similarity when comparing BIRC and MIRC
Concluding remarks
In this paper we propose deconstructing countries' publication profile based on the collaboration type of their output. We suggest that by using similarity measures and comparing countries' collaboration profiles both in terms of their distribution of disciplines and choice of partner, we take an important step toward the development of a better understanding of the international partnerships and networks that shape the dynamics of globalising science. We have suggested the use of the cosine as a measure of similarity to establish a set of 'internal' comparisons at the national level, in the sense that we are always comparing different portions of a country's output. We have shown how this method can help us to understand the connections between what a country's scientists are working on (topic, discipline) and who they are working on it with (international partners). We have also shown the efficacy of the method for comparing between countries and regions on these dimensions. Further methodological development will follow to identify other types of benchmarking of international collaboration that can be designed from this foundation.
Our theoretical distinction between international research partnerships (BIRC) and international networks (MIRC) can also form the basis for future efforts to better understand relationships between formalised patterns of scientific co-authorship and the social integration underpinning scientific collaborations. Further technical advance and the use of complementary methodologies will be required in this respect. But we consider the present methodological innovation to be a constructive first step in this direction.
